LHC Schottky Spectrum from Macro-particle Simulations
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[. Introduction

We introduce a method for building Schottky spectra from macro-particle simulations applied to LHC beam few hours, on a regular computer. The study presented herein is based on simulations performed with
conditions. In this case, the use of a standard Fast Fourier Transform (FFT) algorithm to recover the spectral PYHEADTAIL [1, 2], a macro-particle code that can be used to track turn-by-turn the six-dimensional phase
content of the beam becomes computationally intractable memory-wise, because of the relatively short bunch space evolution of a bunch, possibly including the effects of direct space charge and beam-coupling
length compared to the large revolution period. To circumvent this difficulty, a semi-analytical method was impedances (although this capability is not yet used for this study). The simulated Schottky spectrum is
developed to compute efficiently the Fourier transform . The spectral content of the beam is calculated on the then compared against theoretical formulas and measurements of Schottky signals previously obtained
fly along with the macro-particle simulation and stored in a compact manner, independently from the number with lead ion beams in the LHC.

of particles, thus allowing the processing of one million macro-particles in the LHC, over 10’000 revolutions, in a

I[I. Method

The Schottky spectrum is the power spectral density
of the beam current in the longitudinal plane and
the dipole moment in the transverse planes.

B. Simulation (FFT)

Substituting numerical values of 7,,; in Eq. (1) (calculated from multi-particle simulations) gives a current signal that we can
discretise in time and on which we can apply the FFT algorithm to retrieve the Schottky spectra. For the case of the CERN
Large Hadron Collider (LHC), this method is particularly challenging computationally due to the highly sparse characteristic of
the current signal produced by a single bunch.

Theoretical spectra can be obtained by substituting simple
analytical expression for 7,,; in Eq. (1) and transforming the
time signal to the frequency domain [3, 4]. The developed

* The current of a single particle can be expressed as: theory is however limited only to simplified beam dynamics
and does not include, e.g., collective effects and beam
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Frequencies on all the plots have been shifted from the LHC Schottky harmonic, h = 427725, to the first harmonic.
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IV. Conclusion

e The aim of this work was to validate the development of a new method for calculating Schottky spectra from
macroparticle simulations.

 This method will enable future studies on how effects such as beam-coupling impedances impact the measured
spectra.

* This method allows to closely reproduce the Schottky spectrum of a given LHC fill. The obtained results were shown to
be in good agreement with reference measurements as well as with other theory-based methods, and reproduce the
overall shape of the spectrum together with the detailed internal structure of the synchrotron satellites.




